and late-flowering types. The obvious differences between environments are least between 200 and 25° C., a fact which can be attributed in part to irregularities in the 20° C. environment. At both 20° and 25° C., the high temperatures caused some degree of irregular flowering and incomplete siliqua development. The mean siliqua numbers at these temperatures are therefore unexpectedly low (table 4) , and indeed the plants appeared less healthy than those grown at 10° and 15° C. of both additive and non-additive variation for all four characters; there are also significant differences between reciprocal crosses with respect to flowering time and leaf number. The model appropriate for the genetic effects is Eisenhart's (1947) Model I, since these families comprise a quota sample of those originally collected. The significance of the b1 item in all cases implies that the non-additive variance is directional, dominance being in the direction of late flowering, tallness and a large number of basal leaves (tables 1-3). For the fitness character (table 4) , parent 4 possesses the greatest number of dominant alleles and produces thd least siliquae, thus suggesting that dominance is in the direction of a small number of siliquae. At the higher temperatures only, this dominance of parent 4 could be due to an underestimate of its score for siliqua number because of the failure of plants to flower (table 1) . However, we are confident that this rather surprising outcome may be ascribed to the obvious truncation of growth suffered by some of the plants in this experiment, in consequence of their having exhausted the supply of nutrients and water in the agar medium.
Clearly, under conditions of agar culture, the longer the interval between germination and flowering, the less moisture and nutrients will be retained by the medium at flowering time. Thus when family 4, which is by far the latest parent (table 1) , began to flower, the agar lost its moisture very rapidly, leading to early death, and, hence, truncation of siliqua production at a premature stage. On the other hand, families which flowered earlier were subject to less stress during growth, and often finished flowering before the agar had dried up completely. In conjunction with this effect, members of array 4 were in general the largest plants, bearing most leaves and most shoots. Consequently, they required more nutrients and moisture from the medium at all stages during their growth than did earlier flowering, smaller types. Indeed, the latter effect may be the more important since, even after a vernalisation treatment of 12 weeks, parent 4 still produced the lowest number of siliquae, although its time to flowering was markedly reduced (Jones, personal communication). Turning now to the inheritance of the developmental phenotype, it is clear that, as was the case for the average phenotype, the additive mean square (E x a) is the largest item with respect to all characters. Analysis of the data within environments shows that the magnitude of the additive effects increases with temperature for flowering time and leaf number. There appears howevel to be no linear relationship in this respect for the remaining characters. In contrast to the average phenotype, the mean dominance deviation (E x b1) is small, indicating that the direction of dominance does not change with temperature. The significant non-additive variation (E x b3) is remarkably constant in magnitude over environments for flowering time and leaf number, but decreases with increasing temperature for height and siliqua number. Reciprocal differences, both consistent (c) and specific (d), interact with environments effectively only with respect to flowering time and leaf number, and are largest at 150 C. In the earlier papers which were concerned with diallel crosses between inbred lines, the linear and non-linear components of the developmental phenotype were estimated by regressing family means on to environmental means, the latter being calculated as the average performance of the parents in that environment (Perkins, 1970) . The specification of the environment in this way is less informative in the present case where we cannot assume that the parents are homozygotes. Family means have been regressed, therefore, on to environmental values defined as the average performance of all 49 families raised in that environment. Then the phenotype of family i in environment j is = t'+d+(l +)ej'+i5 (Perkins andJinks, 1968) where d is now defined as the genetic effect of the ith family, rather than the additive genetic effect of that family, as in analyses of inbred lines.
earlier that additive effects appear to be important in respect of the interaction of these families with the environment. The present analyses show that the additive mean square is in general the largest item with respect to both the linear and the non-linear response; that is, its importance is (1 + fl,), for each of the three primary characters. The diagrams are divided into four parts by the average of the (1 +j')'s, which is of course unity, and by the average siliqua number of the 49 families.
At first sight, the interpretation of the diagram for flowering time appears unambiguous. All the points lie on a significant regression line running from the top-right to the bottom-left quarter; in other words, the predominant mode of developmental regulation appears to be such that flexibility is advantageous. Closer examination of this diagram, however, reveals a more complex situation; the 28 points fall into three groups, as indicated by the unbroken lines on fig. 1 . The first group, which consists of the seven families having parent 4 as one parent, lies in the bottom left-hand quarter; that is, these families produce a iow number of siliquae, and their flowering time changes relatively little over environments. The second group of points falls on the whole in the bottom right-hand quarter, and concerns hybrids between an early (2, 3, 5, 7) and a late (1, 6) flowering parent. Since the reproductive output of these Ft's is much lower than that of their parents, they display considerable non-allelic interaction with respect to siliqua number; their response for flowering time is, however, similar to the response of their parents. Finally, crosses between two late or two early parents constitute the third set of points, in the top right-hand quarter. These 13 points, formed by crosses within early-and late-flowering types, fall on a significant regression line running from the top-left to the bottom-right corner of this quarter; that is, these families manifest various degrees of developmental stability, with the late parents (1 and 6) and their hybrid being the most stable.
Turning to the diagram for height ( fig. 1 ), we find that exactly the same three groups of points can again be distinguished, although the first and second groups now overlap. Thus, the hybrids between an early-and a late-flowering parent (Group II) not only produce fewer siliquae, but also tend to respond less with respect to height, than do their parents. Within the third group, in the top right-hand quarter, there is some tendency for the 13 points, and in particular those which concern hybrids, to exhibit varying proportions of developmental flexibility, the late families 1 and i x 6 being now the most flexible.
An examination of the diagram for leaf number ( fig. 1) indicates that the general picture is similar to that for the other primary characters. In the first group, we notice that the hybrid 2 x 4 lies outside the diagram, since it has a (1 +/31) value of less than zero; in other words, its response to temperature, though slight, is opposite in direction to that of the other 27 families. The relative reponse of parent 4 over environments is even less for leaf number than for flowering time and height, thus emphasising the contrast between the developmental phenotype of this parent and that of the remaining six parents. The explanation of this consistent and marked difference in the level of variability exhibited by parent 4 is, however, not clear. Furthermore, we recall that the low reproductive output of this parent may be ascribed to truncation by growth on agar medium. For both these reasons, families having parent 4 as one parent will be excluded from further discussion. The hybrids in the second group appear in general to change more over environments with respect to leaf number than do their parents; that is, they are less stable. However, the development of members of the third group, consisting of crosses between two early or two late parents, is apparently not regulated in any specific manner. The mode of developmental regulation of leaf number has been previously found (Westerman and Lawrence, 1970; Westerman, 1 970b) to be more diverse than that of the other primary characters. Thus, although the average phenotypes of flowering time and leaf number are always highly, but not completely, correlated, the developmental phenotypes of these two characters are in general relatively unassociated.
Discussxor
The families in this natural population of Arabidopsis fall into two distinct groups, an early-flowering type with a low number of basal leaves (families 2, 3, 5, 7) and a late-flowering type with a large number of leaves (families 1, 6). These types also differ in their response to vernalisation, in that the early type requires no vernalisation, while the late type has a marked vernalisation requirement (Jones, personal communication) . This population was chosen for study in the belief that the bimodal distribution of variation with respect to flowering time and leaf number indicated a poiymorphic situation.
In a polymorphic population, crosses between the two morphs should of course on average be at least as fit as crosses within the morphs, assuming that the environmental niches of the morphs are equally represented in the sample used. We recall, however, that hybrids between an earlyand a late-flowering parent produce fewer siliquae than do either of their parents. Furthermore, the low reproductive output of these hybrids does not appear to be a result of truncation of their growth since, when array 4 is omitted, there is no association between flowering time and siliqua number. Regarding high siliqua number as synonymous with high fitness, we are therefore forced to conclude that it is unlikely that the early-and late-flowering types share a common gene pool; that is, they are independent populations.
The interpretation of these results, assuming that there are two independent populations, is not quite straightforward. With respect to flowering time, for example, interpopulation hybrids might be expected to be less stable than intrapopulation hybrids. We noted earlier ( fig. 1) , however, that the large difference in reproductive output between nonco-adapted and co-adapted crosses is not apparently accompanied by any difference in the variability of this primary character. Thus the conclusion that the early-and late-flowering types comprise sympatric populations is obviously speculative. Further information would be desirable, for instance, on the amount of outcrossing that occurs under natural conditions.
Despite the discontinuity in average phenotype between the early and late populations, their developmental phenotypes are nevertheless remarkably similar; the genetic systems controlling these two aspects of the total phenotype are therefore apparently unrelated. The optimum for flowering time in this material appears to be brought about by stabilisation of the expression of the genes concerned, with the late-flowering families being the most stable. The response of inbred lines to temperature (Westerman and Lawrence, 1970; Westerman, I 970a) and to photoperiod (Westerman 1970b ) has also been consistently found to be such that stability of expression is advantageous. We may argue then that the genotype-environmental interactions displayed by this character are not adaptive; a thesis which is further supported by the synchrony of the flowering response observed in the wild.
With respect to height, on the other hand, a high level of variability appears to be the adaptive optimum; this has been observed both for inbred lines (Westerman and Lawrence, 1970; Westerman, 1970b) and for this wild material. We conclude that height is therefore an opportunistic character, possessing the capacity to express different optimal phenotypes in different environments.
The last point is concerned with some assessment of the method used to examine the evolutionary role of genotype-environment interaction. This method relates the average phenotype of a fitness character to the developmental phenotype of a primary character; the relationship may be direct or via a correlation between these and the average phenotype of the primary character. We have seen above that the same direct association has been consistently observed in all four experiments with respect to each of the two characters, flowering time and height. On the other hand, the correlatons of both mean siliqua number and the response of the primary character with the mean expression of the primary character are not uniform over experiments for either character. We may be confident, therefore, that this method provides an informative and convenient means of ascertaining whether the variation exhibited in respect of genotypeenvironment interaction is or is not adaptive.
5. SUMMARY 1. The diallel progenies of seven partly inbred descendants of a natural population of Arabidopsis were analysed genetically with respect to four metrical characters, flowering time, height, leaf and siliqua number.
2. The inheritance of all characters is determined by genes with both additive and non-additive effects; there are also significant differences between reciprocal crosses for flowering time and leaf number.
3. All characters exhibit genotype-environment interaction, and for flowering time and leaf number the interaction is largely accounted for by a linear regression to the environmental values.
4. Both linear and non-linear response to environment is controlled by additive and non-additive (b5) variation, and, with respect to flowering time and leaf number, reciprocal differences.
5. The optimum for flowering time is brought about by stabilisation of the expression of the genes concerned, the late-flowering families being the most stable. With respect to height, on the other hand, a high level of variability appears to be the adaptive optimum.
6. The results suggest that the early-and late-flowering families comprise two independent populations, rather than one polymorphic population.
